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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

This invention relates to a process for the preparation of (6RHetrahydro-L-biopterin represented by the 
following general formula (I): 
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more specifically to an industrial preparation process which can provide the 6R form of tetrahydro-L- 
20 biopterin in a high proportion. 

Discussion of the Background: 

Tetrahydro-L-biopterin (hereinafter abbreviated as "BPH*") contains two isomers i.e 
forms depending on the steric configuration of hydrogen at the 6-pos,t,on [Furrer, H.J., et al.. Helv. Ch.m. 

^OfThf iwoSoisomers. (6R)-BPH, is a coenzyme not only for phenylalanine hydroxylases but also 

for aromatic amino acid hydroxylases. . «j„ M n n 

Its shortage thus leads to scarceness in neurotransmitters such as seroton.n, dopam.ne, noradrenal.n 
and adrenalin thereby inducing serious neuroses. Malignant hyperphenylalaninemia is a serious and 
Turable dTease which is one of inborn errors of metabolism and cannot be easily treated by any 
Sln^^lacotherapy. This disease is also known to occur as a result of inhibition of conversion of 
phenylalanine to tyrosine due to scarceness of (6R)-BPH*. 

It may be contemplated to administer (6R)-BPH* for the treatment of ma gnant hyperpheny «n««. 
For this application, it has been desired to develop a process for economical preparation of this compound 

^A^prep^tion processes of tetrahydro-L-biopterin, it has been known to reduce L-erythro-biopterin 
enzymafically or chemically. Of these processes, the enzymatic process is unavoidably accompanied by 
such a drawback that it requires complex facilities and operation, results in a high preparation cost and .s 
hence ^^advantageous as an industrial process, although it has a merit that it provides the « *m «.£ 
On the other hand, the chemical process yields a mixture of the 6R form and 88 ^J**^* 
separated subsequently. This separation is however extremely difficult to ach.eve. No effective method has 
heretofore been known for their separation. . 

Accordingly, it has long been desired to develop a process for synthesizing (6R)-BPH, m a h,gh 
proportion, if possible, selectively. However, no satisfactory process has yet been found. 

SUMMARY OF THE INVENTION 

With the foregoing circumstances in view, the present inventor have carried out an extensive , research. 
As a result, it has been found that the asymmetric ratio R/S can be significant y mcreased by subjecting , L- 
ervthro-biopterin or an acyl derivative thereof to catalytic reduction by a platmum-base ca a yst, in he 
p^nramine and" under specific conditions and moreover, the resultant reaction mixture having 
such a high R/S ratio facilitates the separation and collection of (6R)-BPH 4 , leading to complete of the 

P TcS°y" this invention provides a process for the preparation of, (™>™^ l ^*®> 
which comprises hydrogenating L-erylhro-biopterin or an acyl derivative thereof in the . presence^ ^of an amme 
or a quaternary ammonium compound other than said biopterin starting material wh.ch contrd PH 0 
the reaction medium to within the range of 10 to 13 and a platinum-based hydrogenation catalyst at a H 2 
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pressure of 0.981 bar (1 kg/cm*) or more, and in the event at least one aoyl group remains in the 
hydrogenated biopterin product obtained, 

heirSTdW. « a high as,mm«.ic ratio R/S and ntotao,,, Hh a high yield, and . r»nca an 

adntLtte of an, inotganio salt and oan henee provide hirjlvpuHt, etyatela wtth ease. Tl» ,. another 
^ Z.trol~te n a W ,ea end adeantasee o, ,h. ptesen, ,nv.n«on »,, Oeeotn. appet.n, 
from the following description and the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 
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The reaction of the above process is represented by the following equation: 
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R-HN 



HN Y 
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(1) H 



(2) Deacylation 




(I) 



. ^T^T^oTL^ invention. L-erythro-biopterin or its acy. de ^ 

reduced with a platinum-base catalyst in water, an alcohol or a mixed water-alcohol solvent, which has ,n 
advance been adjusted to pH 10 -13 with an amine. ^w. fmrvi 

As the platinum-base catalyst, may for example be mentioned platinum black, platmum ox.de (PtO ), 
DlrtlinSSn^WJ). platinum/alumina (Pt/alumina) or the like. Of these, platinum black ,s particu arly 

• SSHWot yield and asymmetric ratio. On the other hand, illustrative of the alcohol may include 
methanol ethanol. methyl cellosolve, ethylene glycol and so on. 

As exemplary amines, may be mentioned primary amines such as methylamine. ethylamine. pro- 
pylam^n a"d^ clohexylamine secondary amines such as dimethylamine. diethy.amine, 
pSe and morpholine; tertiary amines such as trimethylamine, triethylanmne and ^propylamine, and 

« Semary amines such as tetramethylammonium hydroxide, tetraethylammon.um hydrox.de and 
teCpy'ammonium hydroxide. These amines may each be added in such an amount hat he pH of *m 
esuZ reaction solution reaches pH 10 - 13. The presence of such an amine m essentia ,n he present 
nvention Even if the pH is adjusted to the above-described range by using another base, for example, an 
inorganic base such as an alkali metal hydroxide, the asymmetric ratio R/S wi.l be low and the y,e.d will 

so also be , poor ^ ^ accofdance ith a usual procedure for catalytic 

redu^ionTe aeactLn temperature may preferably be - lO'C to 50 C. while the H 2 pressure may be 
nraforablv 1 ka/cm 2 or hiqher with 10 to 100 kg/cm 2 being especially preferred. 

P the bove ma er 9 (6R)-BPH, or its acyl derivative can be obtained with an asymmetric rat o of abou 
55 7 or Greater The acyl group or groups are usually removed in the above-descnbed reaction. When some of 
L aXoups sti,I lain, they can be removed with ease by hydro.yzing 

hydrochloric acid or the like. By recrystallizing the thus-obtained reaction product. (6R)-BPH* can be 
isolated and obtained with high purity. 
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Having generally described this invention, a further understanding can be obtained by reference to 
certain specific examples, 

Example 1 : 

BPH*'2HCl were obtained in an amount of 1.13 g (yield: 85%). 
75 Elementary analysis: 

Calculated for C9H17CI2N5O3: C, 34.41; H, 5.45; 

N 22 29. Found: C. 34.50; H, 5.41 ; N. 22.58. 

Example 2: 
in Table 1 . 

Conditions for measurement by high-pressure liquid chromatography: 

Detector: ultraviolet absorption photometer (measurement wavelength: 275 nm) 

Column- PartisiI-10SCX, 4.5 x 250 mm 

Mobile phase: 30 mM ammonium phosphate plus 3 mM ammonium sulfite (pH = 3.0) 

Flow rate: 2 mt/min. 
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Table 1 



Base 


pH 


R/S : 


Yield or 
R + S forms 


Ammonia 


11.03 


8.2 


75 


Methylamine 


12.24 


12.0 


81 


Ethylamine 


11.98 


14.3 


91 


Diethylamine 


11.99 


8 . 3 


70 


Trimethylamine 


10.82 


9.7 


91 


Triethylamine 


12.01 


19.0 


95 


Tri ethyl amine 


19 1 7 
i-i. . i 1 




O J 


Tetramethylammonium 
hydroxide 


12.02 


14.8 


93 


Tetraethylammonium* 
hydroxide 


12.02 


19.0 


95 


Benzyltrimethyl- 
ammonium hydroxide 


12.16 


15.3 


95 



* Example 1 



Table 1 (Cont'd) 

35 



Base 


pH 


R/S 


Yield of 
R + S forms 


Cyclohexylamine 


12.29 


7.7 


96 


Piperidine 


12.05 


10.8 


78 


Morpholine 


10.31 


7.9 


96 



Example 3: 

The procedure of Example 2 was repeated except that the pH of the starting reaction solution was 
changed to pH 12 by using triethylamine, diethylamine, ethylamine and tetraethylammonium hydroxide 
respectively and the reaction temperature and H 2 pressure were changed. Results are shown in Table 2 - 
Table 5. 
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Example 4: 



To 2 mt of oaon o, - *- In To* 6 
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•« ToMa ft fnr 20 hours. The reaction 
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Example 5 



70 



To 2 nl of water or an o^c 
p,atinum black and a base. The ^^S^ZTto^ reaction mixture was added 2 ml of 
pressure of 100 kg/cm* and temperature c « 0 f , 20 hou s Concentrated hydrochloric ac.d 

S form). Results are summarized in Table 7. 
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Example 6: 
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The thus-prepared mixture was charged in an au^ave and ^^^X STlS 
Si, temperature of 0 ■ 5* C and revolution rate of 1000 p.m. a rf ^ c ^ ysi h 

was added with 5 ml of concentrated 2^?S^V>I2S« * • «-* • •«* "P* 

Nation. The filtrate was then concentrated ^^^J, mat » er was dissolved in 3N hydrochloric 
35* C. The residue was recrystallized from rtwoL ^JJ» carbon was filtered off, the 

5d and the — "^^£3^ a mixed solvent of 3N hydrochlonc acd 

Elementary analysis: 

Calculated for C9H17CZ2N5O3: 
N, 22.29. Found: 
Optical rotation [a] 25 : 
1H-NMR (CD3OD + D2O): 

Example 7: 



20 



25 



C, 34.41; H.5.45; 

C 34.48; H. 5.53; N, 22.20. 

-6 51* (C. 0.68; 0.1 N HCl) 



J = 6Hz, H-C(3')). 



Conditions for measurement by high-pressure liquid chromatography: 



30 



Detector: 
Column: 
Mobile phase: 
Flow rate: 



ute „ole, absorpta pi— I— «* "•«*° 9 " ,: 2 ™ "°" 
2ml/min. 

Tablet*. 
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50 



Catalyst 



5% pt/alununa 
PdO (comparison) 



5% Rh/C 
(comparison) 



Asymmetric 
ratio, R/S 




2.9 



(R + S forms) 
Yield (%) 



19 



55 



Example 8: . 
us ,„ 9 KOH, trtetfiylamlne, ~*~1XS£ ^=0^ »" S-j- - 

respectively. Results are summarized in Table 9 to Table 11. 
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Table 9 







«-k J_ O 

PtO 


? — 




Asymmetric 
ratio, R/S 


(R + S forms) 
yield (%) 


Ethylamine 


8.1 


89 


Diethylamine 
Triethylamine 


8.2 

~~~ 9.9 


~~~ 90 
94 
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Table 9 (Cont'd), 









Pto ? 






Asymmetric 
ratio, R/S 


(r + S forms) 
yield (%) 




Tetraethylammonium 
hydroxide 


• 

9.7 


84 




KOH (comparison) 


5.5 


83 




Table 10 






5% 


Pt/C 






Asymmetric 
ratio, R/S 


(R + S forms) 
yield (%) 




Diethylamine 


6.8 


75 




Triethylamine 


8.6 


81 




Tetraethylammonium 
hydroxide 


8.1 ' 


83 




KOH (comparison) 


4.1 


~~ 88 




Table 11 




5% pt/alumina 




Asymmetric 
ratio, R/S 


(r + S forms) 
yield (%) 


Triethylamine 


* 8.4 


87 


Tetraethylammonium 
hydroxide 


8.0 


82 



EX3 t U „ Example 7 was ^ * F^J^^X^ 
triethylamine was employed to adjust the P H to 12. 
changed. Results are summarized m Table 12. 
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Example 10: ^ ^ shoyyn jn 

L-Erythro-biopterin (20 mg) and platinum oxide (4 ^ jery ddea ^ ^ ^ 
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Srm). Results are also given in Table 13. 
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Example 11: 



10 



Ai-tHoH ?n ma of triacetyl-L-erythro-bioptenn, 4 mg of 
To 2 ml of water or an organic solvent were r eacted at an H 2 pressure of 100 

pJL" oTide and a base. In an ^dave the wa s added with 2 ml of 3N 

Sg/cm 2 and temperatures of 0 to 5 C for M taj- ™ Concentrate d hydrochlonc ac,d (05 

hydrochloric acid, followed by remova \^J^^^ mixt ure was left over for 3 days to effect 
ml) was added to 1.5 ml of the *^J^J^J^ by high-pressure liquid chromatography 
deacetylatbn. The thus-obtained reac^n m xt ^ ^ J io a 9 nd the yie id of (the R form and the 
under the same conditions as .n Example 7 to determin 
S form). Results are summarized in Table 14. 
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55 Claims 
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„ «— — - r«i?ttS2&£^~~£ 

T SSJSS -TJK - «»' - - - "* 9roup rema,ns ,n " 

100 kg/cm 2 . . 

4 . The ^ - M ,. — - - » * " a,COh0 ' " " 

alcohol solvent. 

" 6 The prcce* 0! Claim 1 . rf** « « ln 

" The p,oc ess - am .. — « is — d - a ' "~ °' 

-10°Cto 50° C. 

ethylamine. propylamine, cyclohexytemlne, dim J h J^ ne _ etrame thylamrnonium hydrox.de. 
Revendicatlons 

30 i Precede de preparation de (6R)-tetrah y dro-L-biopterine. gui oomprend : 

. ,, ydrogenati on de .a ^^^^^^^^ 
am ine ou d'un compose ammonmm t ^^J^^ rMM>ur de la plage allant de 10 a 13 
controle le pH du milieu reacionnel jon d . H2 d9 0 .981 bar (1 

et d'un catalyse. J^gWj ^au ^un group/acyle reste dans le produit de 
kg/cm 2 ) ou davantage , et aans its u» 
biopterine hydrogene obtenu. 
- rumination du groupe acyle par hydrolyse. 

„ nn 1 dans lequei rhydrogenation est effectuee sous une pression elevee 
4 o 2. Precede selon la revendication 1. dans lequei inyu a 
de 10 a 100 kg/cm 2 . 

« «™ 1 dans leouel le catalyseur a base de platine est choisi dans le groupe 
3 - SS S ™Cr. Sine. , it— et ,e p—ne. 

« 4 . Proc .de selon ,a revendication 1 . dans leque, Ration est effectuee dans ,,au. un alcoo, ou un 
soivant mixte eau-alcool. 
. Precede selon , revendication 1, dans lequel I'nydrogenation est effectuee dans I'ea, 

* n i dans leauel I'hydrogenation est effectuee a une temperature se 
6. Procede selon la revend lC at.on V dans lequei inya g 

situant dans une plage allant de -10 C a 50 C. 
T ^ - * —on , *h, ~ - — - * — *~ 
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,. M roxyde de tStramethylamrnoniurr, .'hydroxy* de tetraethy.ammonium et .'hydroxyde de tetrapro- 
pylammonium. 

Patentansprliche 

bis50*CdurchgefUhrtwerden. rhinrwasserstoffsSure durchgefUhrt werden. 

ylammoniumhydroxid und Tetrapropylammoniumhydroxtd. 
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